The performance of a fiberoptic probe colorimeter (model PC800 
The performance of a fiberoptic probe colorimeter (model PC800; Brinkmann Instruments, Inc., Westbury, N.Y.) for quantitating enzymatic or colorimetric assays in 96-well microtiter plates was compared with the performances of a spectrophotometer (model 240; Gilford Instrument Laboratories, Inc., Oberlin, Ohio) and a commercially available enzyme immunoassay reader (model MR590; Dynatech Laboratories, Inc., Alexandria, Va.). Alkaline phosphatase-p-nitrophenyl phosphate in 3 M NaOH was used as the chromophore source. Six types of plates were evaluated for use with the probe colorimeter; they generated reproducibility values (100% coefficient of variation) ranging from 91 to 98% when one individual made 24 independent measurements on the same dilution of chromophore on each plate. Eleven individuals each performed 24 measurements with the colorimeter on either a visually light (absorbance of 0.10 at 420 nm) or a dark (absorbance of 0.80 at 420 nm) dilution of chromophore; reproducibilities averaged 87% for the light dilution and 97% for the dark dilution. When one individual measured the same chromophore sample at least 20 times in the colorimeter, in the spectrophotometer or in the enzyme immunoassay reader, reproducibility for each instrument was >99%. Measurements (Fig. 1) . The probe is a flexible rubber tube (75 cm long) encasing both transmitting and receiving fibers. It terminates in a stainless steel extension (length, 65 mm; external diameter, 5.5 mm) immersed in the sample solution. Around this extension is a stainless steel sleeve which can be adjusted to various distances from the probe end to allow for various immersion depths. At the base of this sleeve is a projection (length, 2 mm; external diameter, 7 mm) which determines how snugly the probe fits into the microplate well. Methods of evaluation. A solution of p-nitrophenyl phosphate (1 mg/ml; Sigma 104 phosphatase substrate; Sigma Chemical Co., St. Louis, Mo.) in diethanolamine buffer was mixed with alkaline phosphatase (type VII; Sigma Chemical Co.) until a strong yellow color developed. The reaction was terminated with 3 M NaOH and allowed to stabilize for 1 week before use. This chromophore solution was diluted with distilled water for determinations.
The performance of the probe colorimeter was compared with the performances of a commercially available enzyme-linked immunosorbent assay (ELISA) reader (model MR590; Dynatech Laboratories, Inc., Alexandria, Va.) and a spectrophotometer (model 240; Gilford Instrument Laboratories, Inc., Oberlin, Ohio). Determinations were made at an optical density at 420 nm (OD420) for the colorimeter and spectrophotometer and at OD410 for the ELISA reader. For reproducibility and linearity studies, samples of the chromophore solution either were dispensed into microplate wells with a micropipette or were aspirated into a flow cell cuvette for the spectrophotometer analyses. Reproducibility values (100% -coefficient of variation [CV] ) were determined for 1 individual reading the same dilution of chromophore dispensed into 6 Van- guard International, Neptune, N.J.); and flat-bottomed, polystyrene Immulon microelisa plates (model 11-010-3250; Dynatech Laboratories, Inc.).
RESULTS
The probe colorimeter was examined with six different plates. The 7-mm (external diameter) projection on the adjustable sleeve surrounding the probe tip precluded insertion of this piece into the wells of the Linbro and Falcon microplates (both types). The probe fit very loosely into some of the Sarstedt plates wells but would not fit into others. (This variation in well diameters would also affect the sample height and thus affect the path length of transmitted light through the samples if a through-the-plate reader other than an immersible probe device were used.) The probe could be inserted into the Nunc Immuno plates, however, the loose fit allowed the probe tip to be moved about within each well. The best fit was achieved with Immulon microelisa plates. The Since the probe could be used with the Dynatech microplates without the need for stabilization with a stand, we used these plates for other reproducibility and linearity studies.
The reproducibility of the probe colorimeter used by different individuals on different days was investigated (Table 2 ). In two separate experiments, 24 samples of visually dark (an OD420 of 0.80) or light (an OD420 of 0.01) dilutions of chromophore were read by 11 different individuals. The same plates containing either dilution were used by each reader for each set of experiments. The reproducibility values ranged from 96 to 97% for readers of the dark dilution and from 73 to 96% for readers of the light dilution. Mean reproducibility values for all the absorbance determinations obtained by the readers for each set of experiments were 97% for the dark dilution and 87% for the light dilution.
The performance of the probe colorimeter was compared with the performance of the spectrophotometer and the ELISA reader (Table 3 ). In this study the same well containing chromophore was read repeatedly with the colorimeter and the ELISA reader, and the same cuvette containing chromophore was read repeatedly with the spectrophotometer. Between readings the probe was removed and reimmersed for the colorimeter, the plate was removed and replaced under the transmitted light for the ELISA reader, and the cuvette was removed and replaced into the spectrophotometer. Single-user reproducibility exceeded 99% for each instrument tested.
The linearity of reading for each instrument was compared by preparing a twofold dilution series of chromophore and reading triplicate samples of each dilution (Fig. 2) . The optical response of each instrument was found to be linear in a range of 0.05 to 1.10 absorbance units when the F test for goodness offit was used (P < 0.05).
DISCUSSION
In the initial stages of this study we attempted to use the probe colorimeter with the probe tip adjusted to a level above the fluid surface. To generate enough transmitted light to zero the absorbance mode with distilled water, we found it necessary to adjust the lamp voltage above 9.5 V (the manufacturer's recommended maximum); however, this caused drifting in meter values. For example, when we placed 100 ,ul of water per well in a Dynatech microplate and adjusted the absorbance to 0.000 by setting the lamp voltage to 10.5 V, we observed a gradual increase to 0.080 absorbance units within a 20-min period. This drift was not observed if the probe tip was immersed in the liquid, since the instrument could be zeroed with water as a blank while the lamp voltage was below 9.5 V. However, immersion of the probe tip necessitated using the following sample volumes per well to avoid trapping an air bubble under the tip: 200 ,ul for Dynatech, Falcon microtest III, Linbro, or Sarstedt; 250 ,u for Nunc Immuno; and 150 ,u for Falcon assay. Another problem associated with the use of an immersed probe was contamination from carry-over from well to well. However, dipping the probe tip in a beaker of water and drying with soft lens tissue did not significantly increase usage time. A mean reading time a Readings with the spectrophotometer and probe colorimeter were done at OD420 and with the ELISA reader at OD410-of approximately 15 min per plate (96 wells) was achieved by 10 individuals with the probe colorimeter as compared with 9 min per plate with the ELISA reader. Differences in reading times would be significant only if many plates were to be read each day; if this is the case, an automated microplate photometer should be considered.
The probe colorimeter described here fulfills the need for an inexpensive instrument capable of reading ELISA tests or other colorimetric assays performed in microplates. The performance of the colorimeter in linearity and reproducibility studies was found to be comparable to the performances of the commercially available ELISA reader and of the spectrophotometer. The use of a through-the-plate reader to quantitate colorimetric assays performed in microplates offers many advantages over the laborious transfer of individual reaction products from each microplate into a spectrophotometer. (For discussions of this point, see references 1, 3, 7, and 8.) Several companies (e.g., Dynatech Laboratories, Inc.; Flow Laboratories, Inc.; BioTek Instruments, Inc., Burlington, Vt.) currently market such through-the-plate readers, both in manual and automatic systems. However, such instruments are often expensive and are limited to reading microplate assays. The relatively inexpensive (i.e., < $2,500) probe colorimeter used in this study can be fitted with other probes and interference filters and used as a general-purpose colorimeter, turbidimeter, or endpoint titration detector (4).
